II. INTRODUCTION
During the last few decades a lot of efforts had been devoted to unify the general theory of relativity with particle physics. Yet the the theory of general relativity violets the conventional theory of quantum mechanics, based on unitarity and symmetries, at every length scale.
One of the two most important examples is the process of gravitational collapse. In the process of gravitational collapse an event horizon, the black hole event horizon, is formed breaking the global CP invariance and giving rise to the Kerr-Newman families of black holes(the no hair theorems). The black hole event horizon may be defined as the causal boundary of the set of complete time-like geodesics which originates at the past time-like infinity and terminate at the future time-like infinity. The black hole space-time may be described either in terms of the Schwarzschild coordinate system or in terms of the KruskalSzeckers coordinate system. In the Schwarzschild coordinate system the black hole event horizon is a two dimensional fixed point set of the time-like Killing vector field at which some of the metric components change sign. In the Ktuskal-Szeckers coordinate system the event horizon is a two dimensional null surface along which the square of some of the coordinates change sign.
In a gravitational collapse once the collapsing body crosses the horizon it collapses to form the space-time singularity breaking the description of space-time in terms of continuous manifolds and the local symmetries. We can only characterize the presence of of the spacetime singularity in a diffeomorphism invariant way, in terms of the curvature invariants along the incomplete set of time-like geodesics which crosses the event horizon and necessarily terminate along the space-time singularity. The gravitational collapse and the cosmological evolution are the only two processes in nature through which a three dimensional physical system reaches the point r = 0.
Another important aspect of gravitational collapse is unitarity violation. In the process of black hole evaporation through the Hawking radiation a pure state is evolved to a mixed state. The time asymmetric evaporation of the CP violating Kerr-Newman black hole will violet the CP T invariance. Consequently the formation of the Kerr-Newman black hole and its subsequent evaporation is fundamentally non-unitary and the underlying theory will be non-unitary.
We will now study the behaviour of matter fields in the near horizon limit. Since our sun is not going to collapse to form a black hole we will adopt the point of view that the black hole event horizon and the cosmological event horizon is a fixed point set of the time-like Killing vector field. We will show that in presence of the fixed point sets of the time-like Killing vector field conventional quantum mechanics breaks down giving continuous energy spectrum with non-unitarity and non-localization between adjuscent energy eigenstates.
We will first consider the behaviour of a minimally coupled massive scalar field in the ( 
where f (r) = ( The covariant wave equation of a minimally coupled massive scalar field is given by,
The solution of the angular equation is given by,
where x = cos θ and (ν + µ) = an integer. Here F (−ν, ν + 1; 1 − µ;
) is the hypergeometric function. This solution is C 1 throughout the angular range 0 ≤ θ ≤ π. Consequently the energy spectrum is continuous with divergent density of states.
We will now show that the divergent density of states is a characteristic feature of the fixed point set of the time-like Killing vector field which breaks conventional quantum mechanics giving non-unitarity with non-localization between adjuscent energy eigenstates. We will illustrate this feature in the context of the Schwarzschild black hole which contains a two dimensional fixed point set (the event horizon) of the time-like Killing vector field. Since the Hawking radiation through which the non-unitary black hole evaporation takes place originates mostly from the near horizon region we will consider the behaviour of a minimally coupled massive scalar field in the near horizon region. Since the space-time foliation is static we will consider the stationary states. We will consider the radial solution for a minmally coupled massive scalar field surrounding the black hole. The radial solution can be obtained through the WKB approximation. For the Schwarzschild black hole the constanttime foliations become degenarate at the black hole event horizon and it is not possible to impose any consistent boundary condition on the horizon. To obtain the degenaracy of the energy eigenstates we will now consider the radial part of a covariant generalized probability current density equation for the low energy eigenstates taken between states with eigenvalues E and E + δE. This is given by:
where the derivatives are taken w.r.t proper time and proper distance. This expression is similar to the probability current density equation of unitary quantum mechanics in presence of damping potentials.
We will obtain the density of states of the energy eigenfunctions by considering the consistency of the integrated form of the generalized probability current density equation
term by term in a thin spherical shell surrounding the black hole with radius 2M + h and 2M + 2h where h << 2M. We obtain the following expression for the density of states: (in the Lorentzian sector) satisfies the minimum regularity condition,i.e, the angular part of the generalized probability current density integrated over S 2 is finite.
The non-unitarity discussed above is a characteristic aspect of both the black hole event horizon and the cosmological event horizon (the corresponding divergent density of states for asymptotically de-Sitter black holes was studied by Prof. R. G. Cai). The black hole event horizon is related to the black hole singularity through the cosmic cencorship conjecture.
Consequently the fundamental theory of space-time gravitation (a theory of everything explaining the fundamental constants of nature) will follow the following avenue:
The space-time singularity → continuous space-time manifold, particle interactions,horizons → microscopic and macroscopic physics of solar system.
To follow the avenue we have understand the space-time singularity, we have to understand the mathematical structure of taking limits, we have to form the quantum states in terms of a particular family of reparameterization invariant curves in the space-time manifold (the interactions will be governed by the generalized quantum field theory). Then we will have to discretize the the description of the quantum states giving the geodesics (the space-time dynamics of which will be governed by the Einsteins equations).
Till then the rest sectors can be studied on two assumptions:
principle of causality
